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Figure 1, Molecular strucUare of the di-p-iodobenzoate of jlatB- 
cosidc as found in Ihe crystal. Oxygen atoms are den«>tcd by the 
double circles, the iodine atoms by the large circles, fhe axi^ 
system shown is right-handed and the molecule is shown with its 
correct absolute configuration. 

the mirror image of 1 yielded R = 0.124 indicating a 
significant discrimination between the two en- 
antiomer s. " The correctness of the assignment of the 
absolute configuration was further confirmed by the 
measurement of a. substantial number of Friedel pairs 
of reflections where, in ail cases, the observed difference 
in intensity was in good agreement with theoretical 
expectation." , u 

The glycoside moiety at C-16 of datiscoside has thus 
been characterized as a novel 2?-,0-acetyl-6'-deoxy-a- 
L-Wuco-hexo8-3'-ulopyranoside." The ^-equatorial 
configuration for the C-2 substituent of dihydrocu- 
curbitacin D acetate had been correctly assigned by 
Lavie, et al.,* on the basis of the nmr signal for the C-2 
proton [r 4.4 (dd, / = 13.5, 5.1 Hz)]. A corresponding 
signal appeared in the nmr spectrum of datiscoside 
diacetate. The CD-based arguments which led to 
proposal of the opposite configuration require further 
study.'"' 

(It) W.C. Hamilton. ^cteCrj-iteilogr., 18.502 (1965). 

(12) 1. M. Bijvoet, A. F. Peadeinftn, and A. I. van Bommel, Nature 

^^a^ti W.'pffi! D. Horton. Ed., ""n** Carbohydrates." 
2nd ed. Vol. MB, ^demic Press, New York, N. Y., 1970, pp 80S^«33, 
for nomenclature. _ . c . 

(13a) Note Added in Proof. The present work conflnns ine 
38.diol configuration in cucurbltacins O. P, and Q [S; M. Kupchan, 
PureAppl. Chem., 21. 227 (1970)). in view of the demonstrated cis con- 
figuration of their 2,3-diol syateihaiid of their interrelation with cucur- 
bitacin B (S. M. Kupchan, R. M. Smith, Y. Aynehchi, and M. 
Maruyama, /. Org. Chem.. 35, 2891 (1970)]. 


The observed antileukemic and tumor-inhibitory 
activity of datiscoside (1) confirms and extends an 
arlier report of antitumor activity of a cucurbitacin 
glycoside." Investigations are in progress to de- 
termine the significance of the glycoside and of other 
structural features to the tumor-inhibitory activity of 
datiscoside. 

D Lawe, D, Willner, M. Belkin, and W. G. Hardy. Acta Vmo. 
Int. Contra Cancrum, 15, 177 (1959); H. B Kbadera and M. M. A. Abdd 
Rahman, J. Chem. Soc., 4991 (1963). 
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Maytansine, a Novel Antileukemic Ansa Macrolide 
from Maytenus ovatus^'* 

Sir: 

In the course of a continuing search for tumor in- 
hibitors from plant sources, we found that an alcoholic 
extract of Maytenus ovatus Loes.* showed significant 
inhibitory activity in vitro against cells derived fr m 
human carcinoma of the nasopharynx (KB) and against 
five standard animal tumor systems.* We report 
herein the isolation and structural elucidation of may- 
tansine (1), a novel antileukemic ansa maicrolide tumor 
inhibitor' from Maytenus ovatus. Maytansine is the 
first ansa macrolide shown to contain carbmolar 
mine, epoxide, or aryl halide functions and appears tO; 
be the first member of the series reported to show sig- 
nificant in oioo tumor inhibitory activity. 

Fractionation of the alcohol extract, guided by assay 
against KB and P-388. revealed that thfc inhibitory 
activity was concentrated, successively, m the ethyl 
acetate layer of an ethyl aeetate-water partition and 
in the methanol layer of a 10% aqueous methanol^ 
petroleum ether partition. Column chromatography 
on SUicAR CC7 followed by treatment with acetic 
anhydride-pyridine' and extensive column chromatog- 
raphy and preparative tic on alumina, sihca gel, and 
SilicAR afforded a highly enriched concentrate (A, 
1 mg/kg of plant). Attempts to prepare different de- 
rivatives in methanol soluUon yielded a common prod- 
uct. apparenUy a methyl derivative, 2, whereas similar 
experiments in ethanol solution yielded a common 
ethyl derivative, 3. Accordingly, concentrate A was 
treated at room temperature with 3-bromopropanoi- 

(1) Tumor Inhibitors. LXXIU. Part LXXII: S. M. Kupchan. 
C W. Sigel. L. J. Guttman. R. J. Restivo. and R. F. Bryan. J. Amir. 

"^m S^voi^^S S'from the National Cancer Institute (Na 
C^nK^iS^rf^nCancer society (T.2^^^^^^^ 
tract with Chemothtf apy. National Cancer Institute (NIH 71-20WJ. 
''Tj) FrSiU wL collert^d in Ethiopia in Jan 1962. Roott and *e 
wood of stems from Ethiopia and Kenya also yielded active wa-a«tt- 
vHiank Dr. Robert E. Perdue. Jr.. USDA, Beltsvaie, Md.. for sup- 

'■^-'larr n'Sri.against sarcoma 180. ^^X^<^tC^ 
and L-1210 and P-388 leukemias in the mouse and Wallcer MS intra 
macular carcinosan»ma in the rat. Cytotox|c.^ and in vivo activity 
werea8sayeda8inC'<2«c«'CA«/«o/Aer. /{<p..25. i (ivw). 

Ts) Maytansine showed significant ^^f^'^J^ the 
p.388 lymphocytic leukemia over, a J^^-'O?:'''^ "I^k^J *^ 

mi^ogxam per kilogram level, and cytolox.aty (BDs.) against KB cei 

sequent separation whhout affecting maytansine. 
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|||:>^nd TsQH in CHjCJj, to yield the carbinolamine ether 
^i|r.bromopropyl)niayt8nsine (4): CsrHsiBrClNgOio; 
176-178"; ir (KBr) 5.76, 6.01, 6.34, 8.42, 9.29 fi. 
Jitreatment of 4 with 2 N HCl in aqueous methanol 
lilfQtded a crystalline hydrolysis product,' which was 
Pyi^ed to seed a solution of concentrate A in ctherrCHtCIj 
yield maytansine (1) (0.2 mg/kg of plant, 0.00002%): 
■"i;„H«aN,Oio; mp 171-172°; [«]»»D -145°. (c 
<{^55, CHCIa); uv max (EtOH) 233 (e 29,800), 243 
mh, « 27.100), 254 (e 27,200), -282 (e. 5690). 290 nm (« 
|p2Q); ir (KBr) 5.75. 5.80, 6.02, 6.34, 8.42, 9.26 /i; 
i%ass spectrum m/e 630.2680, CH^sCINiOs [M -61 
PpzO + HNC08)] = 630.2708; nmr (CDQ,) t 9.13 
p: H, s, C-4-CH3), 8.66 (3 H, d, J = 6 Hz, C-6-CHa), 
^18^63 (3 H, d, / = 7 Hz, C.2'-CH^, 8.3il (3 H, broad s, 
'^=''^^14^Ha), 7.85 (3 H, s, C-2'N-COCH,), 7.79 (1 H, 
ij.bf d, J32 = 15,/ii, = 3 Hz, C-2-H). 7.35 (1 H, d of d, 
Ma = l5,Ji3 = 12Hz,C-2-H),7.11 (3 H,s,C-2'N-CH8), 
(1 H, d, = 9 Hz, C-5-H), 6.87 (1 H. d, /„.« - 
ill3;Hz, .C-15-H), 6.78 (3 H, s, C-lN-CHj), 6.62(3 H, 
i;: s,'C-10-OCH,), 6.50 (1 H, d, Ji,,u = 9 Hz,;C.l0-H), 
ii6.47(l H, 8, OH), 6.33 (1 H, d, Jit^i = 13 Hz, C-15- 
PJH), 6.01 (3 H, 8, C-2M3CH0, 5.72 (1, H, m, C.7-H), 
|v ?5;21 (1 H, d of d. = 12, 3 Hz, C-3- H). 4.65 (1 H, 
wM&i%^J = 7 Hz, C-2'-H), 4.34 (1 H. d of d, Jn,» = 9, 
'■'^^rF/uH = 15 Hz, C-ll-H), 3.76 (I H. broad s, C-9N-H), 
""::3.58 (I H, d of d, /»,« = 15, J„,„ = 11 Hz, C.12-H), 
: j|:30 (1 H, broad d, /121s = M Hz, C-13-H), 3.25, 
ipK3.l6(2 H, d, Jnu = 1.5 Hz, C-I7-H, C-21-H), 9.20-7.50 
^|j(3 H. C-6-H, C-8-Hj). 

I^iir The reversible interrelation of maytansine (1) and 
i^^..:!the 3-bromopropyl derivative 4 made the latter com- 
1^ ;;pound an attractive target for X-ray crystallographic 

flpfvanalysis. Crystals of 4 belong to the orthorhombic 
: 'system with space group P2i2i2i and have a = 24.239 
^;::{4), b = 16.044 (4), c = 10.415 (2) A. The unit cell 
^pl;;contains four formula units of CsyHjiBraNaOio, 
Mirgiving a calculated density of 1.34 g/cm^ in reasonable 
11^!:. : agreement with the observed value of 1.30 g/cm». By 
^lii; -diffractometry, using monochromatic Cu Ka radiation, 
Hill; scintillation counting, and pulse-height analysis, 952 
pif :' .independent intensities significantly above background 


were recorded. 



J3I 
CO 


2.R = CH, . 
4, R = BrCHiCHjCH, 

The structure was solved hy the heavyratonu^thod. 
Refinement of the structural parameters was byblock- 
diagonal least-squares methods using anisotropic iher- 
mar parameters only for the bromine atom and, .foI- 

(7) 'fhe identity was confirmed by direct comparison with maytansine. 
<8) K. Sasaki, K. L. Rjnehart, Jr., G. Slomp, M. F. Grostic, and E. C. 
OhoxuJ, Amen Chem,Soc.,92,m\ 0910), 



Figure h View of the molecular structure of (3-bromopropyl)' 
maytansine (4) as found in the crystal. The projection is onto the 
ieast-squares mean plane through the 19 atoms of the macriDcyClic 
ring and the molecule is drawn in its correct absolute configuration 
with respect to a right-handed axial system. The numbering scheme 
corresponds to that used in the structural formula shewn in the 
text. 


lovving its identificatioti in the molecule, the chlorine 
atoin, to yield jR = 0.101. 

The assignment of absolute configuration was done 
by taking into account the anomalous scattering of 
the bromine and chlorine atoms. When A/" was in- 
cluded in the structure factor calculation the two alter- 
nate enantiomers yielded R 0,103 and 0.101, a sig- 
nificant difference at the 99% level.^ Confirmation of 
the assignment was obtained by comparison of the ob- 
served intensity for 23 Friedel pairs of reflections. In 
each case the difference in intensity was in good agree- 
ment with that calculated for the chosen enantiomer.^" 

The structure found for the molecule in the crystal 
is shown in Figure 1 and leads unequivocally to the 
structural interpretation in 4. The absolute configura- 
tions are 35, 4S, 55, 6R, 7S, 95, lOR, and TS, 

The disposition of substituents about the various 
bond axes, shows almost perfect minimization of the 
intramolecular repulsions so that no strong intcrmolec- 
ular forces seem to be involved in dictating the observed 
conformation of the molecule. The calcuUted esd 
in an atomic position is around 0.025 A, corresponding 
to an esd in bond distance of about 0,04 A and in bond 
angle of about 3°. The rms deviation for equivalent 
C-C distances is closer to 0.06 A suggesting that the 
errors calculated from the least-squares matrices are 
underestimated. Thermal parameters in the macro- 
cycle are physically reasonable, being between 2.6 and 
8.0 A*, but the substituent groups show stroriger ther- 
mal vibrations with the bromine atom having an equiv- 
alent isotropic thermal parameter of 1 1 A*, 

Maytansine*s ansa macrolide structure shows note- 
worthy similarities to those, of the rifamycins/* strep- 
tovaricinSj^* tolypomycins,*' and geldanamycin.*-'* 
The ansamycin antibiotics and their derivatives have 

(9) W. C. Hamilton, Ada Crysiallogr., 18, 502 (1965). 

(10) 1. M. Bijvoet, A. F. Pccrdcman, and A. T. van Bommel, Nattve 
(Lonrfow), 168, 271 (1951).. 

(H) W. Oppolzer. V. Prelog, and P. Sensi, Experlentia, 20, 336 (1964). 

(12) K. L. Kmehort, Jr., M. L. Mahcshwari, F. J. Antosz, H. H. 
Mathur, K. Sasaki, and R. J. Schacht, /. Amer, Chem. Soc,, 93. 6273 
(1971); A. H.-J. Wang, I. C. Paul, K. L. Rinehart, Jr.. and F. J. Antosz, 
/W£/., 93, 6275 (1971). 

(13) T, Kishi. S. Harada, M. Asai, M. Muroi. and K. Mizuno, Tetra- 

(14) Experiments are tinderway to evaluate the possibility that micro* 
organisms may play a role in the biosynthesis of may tansine. 
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aroused considerable interest as antiviral and anti- 
microbial agents, and as inhibitors of RNA tumor 
virus reverse transcriptases. 

Investigations are in progress to determine the po- 
tential significance of the carbinolaraine, epoxide, aryl 
chloride, and other structural features in relation to 
the biological activity of maytansine. 

S. Morris KupcbaOt* Y. Komoda, A* Court, G. J. Thonms 
R. M. Smith, A. KaHm, C J. Gilmwe 
R. C. Haltiwang^, R. P. Bryan 

Department of Chemistry ^ University of Virgima 
ChaHottesvitle, Virginia 22901 
Received December 16^ 1971 


Carbon to Metal Chlorine Exchange. IIL 
Mercnric Chloride Promoted Reactionii of 
exo-Norbwny 1 * Chloride^ 

Sir: 

In the HgClrpromoted reactions of /^-chlorobenz- 
hydryl chloride (RCl) in anhydrous acetone,* * the 
rate of racemization {K^) of optically active RCl 
proceeds */« times faster than the rate of chlorine 
exchange (^e) with HgCla containing radiolabeled 
chlorine. The explanation offered was that RCl was 

Table I. Summary of k Values for e;cp-Norbomyl Oiloride 


Racemization in the benzhydryl system is difficult, 
requirmg that the R+HgCh" ion pairs become suffi, 
ciently loose to permit the HgOs" anion to migrate 
from one face of the cation to the other. This loss of 
rigidity in the ion pair is inevitably accompanied by 
randomization of the chlorine atoms on HgClj- 
It became of interest to determine how well the chlorine 
randomization process would compete with a more 
facile racemization process. exo-Norbornyl chloride 
(^jco-RCl) seemed appropriate for this study since the 
ionization reaction proceeds with inevitable loss of 
optical activity.* We now wish to present the results 
of such an investigation. 

In acetic acid at 75.0°, the solvolytic rate constants 
showed good second-order kinetics, first order in exo- 
RCi and first order in HgCU, The first-order sol- 
volytic rate constants,* ku given by the product of the 
measured second-order rate constant and the initial 
HgCla concentration show a linear dependence on 
[HgCy up to 0.058 M. These values are summarized 
in Table I. The increase in kt due to added HgCls is 
fit by a least-squares line with slope 4.05 ± 0.37 >< 10-^* 
^f- 1 sec-i and intercept 0.452 X 10^* sec^^ Similarly, 
the Jte values show a linear dependence on [HgCli] 
where the slope of the least-squares line through the 


-Salt, lO" M- 


CO 


5: 


tliOAc] 

[HbQiI 

1.00 


11.70 


11.7 

1. 10 

2.33 

1.17 

2.15 

2.20 

2.33 

2.40 

7.90 

4.02 

1.10 

4.74 

1.94 

4.82 

5.15 

5.40 

2.08 

5.75 

1.43* 


10.0- 


6.60- 

1.91 

1.05* 

2.28 

1.28'^ 

4.50 


AcOH, 75.0° 


5.15 ± 0.17 
9.58 =1= 0.44 


20.3 d= 0.10 

26.1 ± 0.18 

HCOOH, 25.0° 

60.7 dt LS-* 
112 ^ 16» 


0.452 ± 0.013 
0.604 it 0.015 

1.02 lb 0.24 
1.40 ± 0.04 


2.72 =fc 0.05 
3.27 ± 0,09 
15.0 ± 0.2 


47.8 =b 2.3 
78.0 =b 2.2 


1.93 ± 0.12 
4.16 ± 0.27 
9.29 =b 0.96 

11.9 ± 1.2 


6.46 ± 0.17 
12.6 ± 0.8 


« 0.2-0.3 M RQ. ^ 0.01 M RCl. « Lithium fonnate, 0.1 1 A/ RCl. ' 0058 M RCI, 


o 
o 

regenerated from racemic R+HgCU" ion pairs, 1, m 
which all three chlorine atoms on mercury are equw- 
alent but so constituted that two chlorine atoms are 
from the originally labeled ttgCla and one is from the 
RCl. When the solvent is changed to 80% acetone,^ 
ca, 55% of the ion pair intermediates dissociate and 
collapse with water to produce the ROS product. 
However, the ion pair intermediates which regenerate 
RCl have the same constitution as in anhydrous 
acetone. 

^.RCl — >- dl^KQi 


^RQ + SOH —3 
RQ -f HgCt' 


-(/AROS.-I-Ha 
r±: RCi* + HgCh 


(1) Research supported by ihe National Science Foundation. 
<2) :S, Winstein, M. Hojo» and A. Lcdwith, Proe. Chem, Soc, 24! 
(1960). 

(3) A. Diaz, I. L. Reich, and S. Winsiein, J. Amer. Chem, Soc„ 92, 
7598(1970). 


origin provides a second-order rate constant equal to 
18.0 =t 1.7 X 10-* Af-'sec"^ 

Resolved ^wfifo-norbomyl alcohol^ was converted to 
optically active cxo-norbomyl chloride with phos- 
phorus pentachloride in pyridine,' The rate of loss 
of optical activity for optically active exo-norbornyl 
chloride proceeds faster than the rates of acetolysis and 
exchange. The polarimetric rate constants {ka) showed 
good first-order kinetics up to 70% loss of optical 
activity where the final solutions were 100 ± 0.7% 
racemic. The ka values increase linearly with added 

(4) Sec the foDowing and references therein : (a) S. Winsteini et al , 
itirf,, 87, 376 (1965); (b) O. D, Sargent, Quart, CAtfm. Soc., 20» 

301(1966). , „ ^ ^ 

(5) The kinetics and products of the reaction were foUowea by vpc 
analysis on a 1 m X Vi in. column packed with 5 % XF-1150 on 80-100 
meshCliromosorbWai40"(J5psi). 

(6) S. Winstcin atid D. Tr ifan, J. Amer. Ckem. Soc., 74» 1 1 47 (1952), 

(7) E. Qippingcr^ Doctoral Dissertaiion, University of California. 
Los Angeles, 1955. 
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